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Double outlet right ventricle (DORV) is a type of
abnormal ventriculoarterial connection in which
both great vessels arise entirely or predominantly
(> 50% circumference) from the right ventricle.
Accurate selection of surgical procedure is an im-
portant determinant of prognosis. Careful descrip-
tion of the ventricular septal defect (VSD) and
determination of its relationship to the semilunar
valves, the interrelationship between the great 
arteries, and the situation of the right ventricular
outflow tract are mandatory before surgical cor-
rection.1,2 Applicable imaging methods currently
available include echocardiography,3 cardioangiog-
raphy,4 and magnetic resonance imaging (MRI).5,6
Each of these techniques has specific advantages
and limitations.3–6
Compared to echocardiography, computed
tomography (CT) offers the advantages of high
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spatial resolution and operator independence. The
clinical effectiveness of CT for detection of con-
genital heart disease has been assessed by a num-
ber of workers.7–9 Further, 3D demonstration via
various imaging modalities has been used for 
delineation of cardiac structures.10–13 The purpose
of this study, therefore, was to assess the relative
merit of 3D CT imaging for assessment of cardio-
vascular anatomy in patients with DORV.
Methods
Subjects
From December 1999 to December 2001, 17
children (7 female, 10 male; age range, 5 days to
5 years; mean age, 6 months 13 days; median
age, 30 days) with DORV were examined preop-
eratively to obtain information useful for further
management. No fibrous continuity between the
semilunar and atrioventricular valves was demon-
strated on cardiac CT, with both great arteries aris-
ing predominantly from the right ventricle. Patients
who had a discordant atrioventricular connec-
tion, heterotaxy, or atretic aortic or pulmonary
arteries were excluded from the study. Initial tra-
nsthoracic echocardiography was performed by
technicians or cardiology fellows to serve as a ref-
erence for comparison in each patient. Biplane
cine-cardioangiography was performed in 14 cases.
Cardiac catheterization was not performed in two
cases because of critical condition, and catheter-
ization of the femoral artery and vein failed in 
another. Sixteen patients underwent surgical cor-
rection, and one received only supportive care in
accordance with the family’s decision. Institutional
review board approval was obtained but informed
consent was not required as the study was a ret-
rospective review. The clinical data are presented
in Table 1.
CT technique
All subjects underwent electron beam CT (Imatron
C-150L; South San Francisco, CA, USA), with
electrocardiogram gating, and all images were ob-
tained at the end-diastolic phase of the cardiac cycle
(slice thickness, 3 mm). One transverse scan was
completed in 100 milliseconds. CT was performed
without gaps, beginning at the level of the great
arteries and extending to the cardiac apex. The
actual total imaging time, excluding positioning
of the patients, was less than 2 minutes. The total
radiation dose was approximately 5–7 mSv. Non-
ionic iodinated contrast medium (2–3 mL/kg
Ultravist 370; Schering, Berlin, Germany) was
delivered by power injector. Image acquisition was
delayed 20–25 seconds from the start of contrast
injection. Patients breathed freely and received
routine sedation with chloral hydrate 50 mg/kg
before imaging.7
3D reconstruction was performed on an inde-
pendent SUN Sparc 10 workstation (Sun Micro-
systems, Mountain View, CA, USA), using an
available software package (Cemax VIP 1.07;
Cemax, Fremont, CA, USA). The cardiac struc-
ture in the CT images was first extracted digitally
from the bony thorax by manual marking of 
the many restrictive regions of interest on the
computer. These regions of interest were then
stacked to create new volumetric data. A gradient-
shading surface-rendering protocol was applied.
Myocardium/vascular wall and chambers/vascular
lumens were further classified (segmented) using
interval thresholds based on Hounsfield numbers.
The threshold interval covered both uniform and
non-uniform opacification of the chambers and
vascular lumen at wide-window and high-level
settings (window, 800 and level, 200 Hounsfield
units) to overcome the non-uniform enhance-
ment of the selected contrast pooled structures.
The transparency of the myocardium and vascu-
lar wall was set to 100%, with the chambers and
vascular lumens at 0% to simulate angiography
(i.e. 3D CT angiography).10 For direct viewing of
the interior of the heart, the transparency of the
myocardium and vascular wall was set at 0%,
while that of the chambers and vascular lumens
was set at 1–3%. This allowed viewing of the re-
constructed 3D images from a true frontal perspec-
tive, while the ventral portion of the heart could
be incrementally removed and reconstructed in
the software-generated virtual environment. This
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process is time-consuming for the operator, how-
ever, with each set of 3D images requiring 1–2
hours for editing and processing.
Image analysis
Using the reconstructed 3D CT images, the internal
structures of the diseased hearts could be clearly
evaluated, almost as if they were physical speci-
mens being held in the clinician’s hands. The conal
or outlet septum is a right ventricular structure
that is part of the infundibulum that connects the
ventricular and aorto-pulmonary septa. A non-
defective ventricular septum has no free border in
the ventricular chamber, however, the conal sep-
tum, which extends on to the septal band of the
right ventricle, constitutes a free edge in its inte-
rior. By discovering this free edge and tracing the
structure to the ventricular and aorto-pulmonary
septa on the reconstructed 3D image, its identity
can be verified. The classification of the location
of a VSD depends on its vicinity to the semilunar
valves.14 If the VSD is near the aortic valve, with
its upper margin above the lower margin of the
free edge of the conal septum, then subaortic VSD
can be diagnosed (Figures 1A and 2). In contrast,
if the above-mentioned principle of classification
occurs in the pulmonary valve, then the defect
may be classified as subpulmonary VSD (Figures
1B and 3). A non-committed VSD is defined
where the upper margin of any VSD is far from
the free edge of the conal septum, regardless of
its proximity to any semilunar valves (Figures 1C
and 4). However, if the VSD is situated below
both the aortic and pulmonary arteries, without
S.J. Chen, et al
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Figure 1. Schematic diagrams of the various locations of the VSDs (black). The hearts have a sliced surface with removal
of the frontal part. (A) Subaortic VSD in case 2 (Figure 2). (B) Subpulmonary VSD in case 10 (Figure 3). (C) Non-committed
VSD in case 15 (Figure 4). (D) Double committed VSD in case 17 (Figure 5). The small 3D cube in the left upper corner
of each heart diagram represents the relationship between the conal septum (C; dark gray) and ventricular septum 
(V; light gray). The hypoplastic conal septum (D) runs in true perpendicular planes and is represented as a line in the
small 3D cube.
a prominent conal septum, a double-committed
VSD should be diagnosed (Figures 1D and 5).
The relationship of the great arteries was defined
where the aortic root was placed in the center of
the cardiac base. The true posterior–anterior line
was defined as the line linking the center of the
vertebral body and midline of the sternum. On
the transverse plane of the CT images, a line was
drawn to connect the centers of both semilunar
valves. The relationship of both great arteries was
defined as the angle between this line and the true
posterior–anterior line. The middle point of the
sternum was set at 0°. Clockwise rotation increased
the measured angle. Orientation of the conal sep-
tum and its relationship to the ventricular septum
was recorded with reference to the body axis to
delineate the outlet portion of the right ventricle.
These descriptions were verified from surgical
findings (n = 14), autopsy (n = 2), and consensus
upon review of all imaging and diagnostic tests
(n = 17).
Results
Based on the relationship of the VSD to the major
arteries, three subaortic (18%), seven subpulmo-
nary (41%), six non-committed (35%) and one
double-committed (6%) VSD subtypes were noted.
Their associated anomalies are summarized in
Table 1.
In terms of diagnostic accuracy for all DORV
types, reconstructed 3D CT imaging had a range
of accuracy from 88 to 100%. Echocardiography
3D reconstructed CT in DORV
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Figure 2. Case 2: 13-day-old female infant with DORV and subaortic VSD. (A) 3D CT angiogram in frontal view demonstrates both 
pulmonary trunk (PT) and aortic root (Ao) arising from the right ventricle (RV). The aortic root traced an S-shaped course from the aortic
arch to the annulus. The PT was located left anterior (61°) to the Ao. Early arterial phase in (B) right and (C) left ventriculograms delineated
the VSD location (*). (D, E) 3D virtual heart in frontal views, with partially removed ventral portion revealing the internal cardiac structures.
The conal septum (#) runs in an oblique–transverse plane, and has a blunt angulation to the ventricular septum. The upper rim of the VSD
just supports the aortic annulus. In (E), more cardiac mass was removed compared to (D). LV = left ventricle; RA = right atrium.
had a range of accuracy from 71% to 94%. Cine-
cardioangiography had a range of accuracy from
60% to 100% (Table 2). Of the three patients with
DORV and subaortic VSD, case 3 was incorrectly
diagnosed as non-committed VSD using both
echocardiography and cine-cardioangiography.
In contrast, reconstructed 3D CT imaging ac-
curately delineated the characteristic pattern of
DORV with subaortic VSD in all cases. Echo-
cardiography, reconstructed 3D CT imaging, and
cine-cardioangiography were used to accurately
diagnose case 11 as DORV with non-committed
VSD, because the female patient had pure mus-
cular VSD located distal to both great arteries.
Most of the DORV cases with non-committed VSD
were misclassified by echocardiography and cine-
cardioangiography. Moreover, clearly defining the
relationship between the upper margins of a VSD
and the great arterial orifices, as well as the orien-
tation of both great arterial roots, was difficult with
echocardiography and cine-cardioangiography.
Performance was also poor for delineation of 
the 3D configuration of the conal septum and its 
relationship to the ventricular septum, both of
which are important for assessing the condition
of the right ventricular outflow tract. Conse-
quently, diagnosis of subpulmonary VSDs was
frequently incorrect using echocardiography and
cine-cardioangiography. On the other hand, with
reconstructed 3D CT imaging, diagnosis of all
DORV cases with subpulmonary VSD was accu-
rate. However, due to the severe hypoplasia of the
subpulmonary conal septa (found during surgical
repair) in two cases of DORV, which increased
S.J. Chen, et al
376 J Formos Med Assoc | 2008 • Vol 107 • No 5
A B
DC
RV
RVRV
RV
RA
RA
Ao
Ao
AoPT
PT
PT
*
*
##
LV
LVLV
LV
Figure 3. Case 10: 1-month-old male infant with DORV and subpulmonary VSD. (A) 3D CT angiogram in frontal view
demonstrates both PT and Ao arising from the RV. The PT was located left posterior (130°) to the Ao. (B) Precordial
echocardiogram delineated VSD location (*) in one plane. (C, D) Frontal views of the virtual heart in 3D, with partially 
removed ventral portion delineating the internal cardiac structures. The conal septum (#) runs in a sagittal plane with an
offset to the ventricular septum. The upper rim of the VSD just supports the pulmonary annulus. In (D), more cardiac
mass is removed than in (C).
the vicinity of the upper margin of the VSD to the
nearest semilunar valve, reconstructed 3D CT im-
aging misclassified them from non-committed
VSD to subpulmonary VSD (Table 2).
Discussion
In recent years, the mortality rate after surgical
correction for DORV has decreased. An improve-
ment in accurate presurgical diagnosis may account
for the improved surgical prognosis. Before sur-
gical correction, a careful description of the VSD
and its relationship to the semilunar valves, the
interrelationship of the great arteries, and the con-
dition of right ventricular outflow tract are manda-
tory.1,2 This presurgical assessment depends on
accurate demonstration and understanding of car-
diac anatomy.
Echocardiography is considered to be the prin-
cipal imaging technique and the most accurate
method of evaluating heart defects.3,15 In this
study, however, this technique was not always reli-
able in terms of its ability to identify the pertinent
features of VSD in DORV. The best explanation
for this diagnostic deficit is that impressions from
first-time transthoracic echocardiography were
routinely performed by technicians or cardiolo-
gists at our institute. Another factor is the limited
sample size for each VSD subtype. In fact, a great
artery may appear to originate from either ven-
tricle in response to slight changes in transducer
angle, especially with a less-experienced opera-
tor, thereby making diagnosis unreliable in some
forms of DORV.
Cine-cardioangiography is an invasive tech-
nique that requires imaging in several projections.4
In our study, however, the relative insensitivity of
the angiography may have resulted from inade-
quacies in information gathering. Opacification
of the cardiac chambers and vessels was poor, and
image projections were limited by the amount of
3D reconstructed CT in DORV
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C Figure 4. Case 15: 8-month-old female infant with DORV
and non-committed VSD. (A) 3D CT angiogram (frontal
view) demonstrates that both PT and Ao arise from the RV.
The PT was located left anterior (58°) to the Ao. Frontal
views of the 3D virtual heart: (B) before surgery; (C) after
intracardiac rerouting, with partially removed ventral portion
revealing the internal cardiac structures. The conal septum
(#) runs in an oblique plane and has a blunt angulation 
relative to the ventricular septum. The original VSD (*) is
not near the two great arteries.
injected contrast medium, failure of femoral ar-
tery catheterization, and premature termination
of the procedure due to unexpected events. Further-
more, structural overlaps may sometimes lead to
interpretational difficulties.
The usefulness of MRI for DORV evaluation
has been studied,5,6 with accurate, high-resolution,
cross-sectional imaging of cardiac anatomy re-
ported. The procedure is noninvasive and can
demonstrate anatomy in any plane without radi-
ation. Nevertheless, longer scanning times (60–
90 minutes) are needed for patients with complex
congenital heart disease because many imaging
planes may be needed to demonstrate the relevant
anatomy. In such situations, adequate general
anesthesia must be provided by an anesthesiolo-
gist with ventilator and monitoring equipment
fully compatible with MRI,16 to avoid motion 
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Figure 5. Case 17: 20-day-old female infant with DORV and double-committed VSD. (A) 3D CT angiogram in frontal
view demonstrates that both the pulmonary artery (PA) and Ao arise from the RV. The PA was located left anterior (31°)
to the Ao. (B) Precordial echocardiogram delineating VSD location (*). (C, D) 3D virtual heart in frontal views, with partially
removed ventral portion revealing internal cardiac structures. Note the severely hypoplastic conal septum (#). The upper
rim of this large VSD supported both great arteries. In (D), more cardiac mass was removed than in (C).
Table 2. Diagnostic accuracy of modalities for different types of ventricular septal defect (VSD) in double
outlet right ventricle
VSD type Echocardiography 3D reconstructed CT Cardiac angiography*
Subaortic (n = 3) 76% 100% 73%
Subpulmonary (n = 7) 71% 88% 60%
Non-committed (n = 6) 71% 88% 60%
Double-committed (n = 1) 94% 100% 100%
*Cases 7 and 17 were excluded because they did not receive cardiac angiography study. 3D= three-dimensional; CT=computed tomography.
artifacts that may result in premature termination
of the examination. However, at our institute, no
such equipment is available for use by the anes-
thesiologist. Thus, heavy and prolonged sedation
of a child with complex congenital heart disease is
needed for cardiac MRI, which increases the risk
of desaturation by respiratory inhibition. Moreover,
critically ill patients who require vital-sign sup-
port devices (respirator, medication pump and
vital sign monitor) are prohibited from undergoing
MRI studies.
CT is much more widely available; however,
temporal resolution of 0.5 second per section re-
duces scanning performance for the beating heart.
Furthermore, there are too many motion artifacts
in infants with rapid heart rates (140 bpm), which
results in even poorer image quality. Electron
beam CT is a noninvasive technique that can eval-
uate cardiac structures in all ages within 2 minutes
because of its scan rate (0.1 second per section).
Additionally, its diagnostic efficacy is not compro-
mised by deep structures within the thoracic cavity,
deformities of the thoracic wall or obesity. This
makes it a promising technique for examination
of congenital heart disease.7–9 It is primarily a
cross-sectional imaging technique. By obtaining
a series of image sections in transverse planes on
the same cardiac phase, we can reconstruct 3D
images, which provide a vivid and straightfor-
ward demonstration of any cardiac anomaly as a
whole.10 This allows cardiac surgeons and cardi-
ologists to examine the heart in virtual reality. In
the present study, we showed that electron beam
CT with reconstructed 3D imaging was accurate
for identifying the interrelationship between the
great arterial trunks. Three-dimensional recon-
structed CT imaging of DORV also provided very
clear delineation of the anatomy of the conal sep-
tum, as well as the spatial relationship between
the VSD and its opening into the outlet of the
right ventricle, with better diagnostic accuracy
than echocardiography and cardioangiography.
The major disadvantages of the present method
are patient radiation burden, and the need for an
expert radiologist or technician to process the re-
constructions and create these vivid images with
extended duration. Another drawback is that elec-
tron beam CT lacks wide availability in compari-
son to the new multidetector CTs. Multidetector
CT is the current mainstream of CT technology.
With an increased speed of the rotating X-ray tube
on the gantry, it also provides a clear demonstra-
tion of the cardiac anatomy and 3D reconstructed
images.
We know that accurate and precise under-
standing of the cardiac anatomy is important in
the management of patients with DORV. As the
first-line imaging modality of choice for DORV,
2D echocardiography is unlikely to be replaced by
3D CT. Also, because 3D CT can clearly delineate
VSD type in DORV, it can provide important in-
formation of 3D internal cardiac geometry for the
surgeon prior to correction. Therefore, we believe
that either electron beam or multidetector CT,
with reconstructed 3D imaging, will enhance un-
derstanding of DORV, by providing specific and
accurate anatomic detail.
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